Abstract: This article presents a new fuzzy multiple criteria decision making model for the evaluation of airline competitiveness over a period. The evaluation problem is formulated as a fuzzy multiple criteria decision making problem and solved by our strength-weakness based approach. For finding out the strength and weakness of an airline over another airline, we present a preference function based on the extended fuzzy preference relation. The strength and weakness matrices are then calculated based on the preference function. We propose a method to aggregate the weights of criteria, strength matrix and weakness matrix into the strength indices and the weakness indices of airlines, by which each airline can identify its own strength and weakness. The strength and weakness indices can be further integrated into an overall performance indices, by which airlines can identify their competitiveness ranking.
), service quality (Chang and Yeh (2002) , Young et al. (1994) ), and service quality and productivity (Truitt and Haynes (1994) ). However, these single measures alone do not reflect the overall airline competitiveness. In this paper, we assume the key performance measures used are cost (C 1 ), productivity (C 2 ), service quality (C 3 ), price (C 4 ), and management (C 5 ) (Chang and Yeh (2001) ).
An airline competitiveness evaluation problem can be formulated as a multiple criteria decision making problem in which the alternatives are the airlines to be evaluated and the criteria are the performance measures of airlines under consideration. Assume there m airlines to be evaluated against n measures. The problem can be expressed in matrix format as follows: x is the performance rating of i-th airline against j-th criterion, and j w is the weight of j-th criterion.
In traditional MCDM, performance rating and weights are measured in crisp numbers (Dyer et al. (1992) , Hwang and Yoon (1981) and Teghem et al. (1989) 
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where~ij A is the fuzzy number representing the performance of i-th airline under j-th criterion and~j W is the fuzzy number representing the weight of jth criterion.
In dealing with fuzzy numbers, ranking fuzzy number is one of the important issues. Many methods for fuzzy ranking have been proposed (Baas and Kwakernaak (1977) , Bortolan and Degani (1985) , Chang (1981) , Chen (1985) , Delgado (1988) , Dubois and Prade (1983) , Dyer et al. (1992) , Lee (2001) , Nakamura (1986) , Teghem et al. (1989) and Yuan (1991) ). They can be classified into two categories. The first category is based on defuzzification. Various methods of defuzzification have been proposed. In the first category, fuzzy numbers are defuzzified into crisp numbers or the so-called utilities in some literatures. The ranking are then done based on these crisp numbers. Though it is easy to compute, the main drawback of this type is that defuzzification tends to loss some information and thus is unable to grasp the sense of uncertainty. The other category is based on fuzzy preference relation. The advantage of this type is that uncertainties of fuzzy numbers are kept during ranking process. However, the fuzzy preference relations proposed thus far are too complex to compute. Yuan (1991) has proposed criteria for measuring ranking method. Lee (2001) has proposed a new fuzzy ranking method based on fuzzy preference relation satisfying all criteria proposed by Yuan. In Lee (2002) , we extended the definition of fuzzy preference relation and propose an extended fuzzy preference relation which satisfies additivity and is easy to compute.
In this paper, we are going to propose a new FMCDM to evaluate the competitiveness of airlines over a period. To find out the strength and weakness of an airline over another airline, we present a preference function based on the extended fuzzy preference relation proposed in Lee (2002) . The strength and weakness matrices are then calculated based on the preference function. We propose a method to aggregate the fuzzy weights of criteria, strength matrix and weakness matrix into the strength indices and the weakness indices of airlines, by which airlines can identify their strength and weakness. The strength and weakness indices can be further integrated into an the overall performance indices, by which airlines can identify their competitiveness ranking.
2.PRELIMINARIES
, where  denotes the minimum operator. 
Definition 2.3 A is a fuzzy numbers iff A is a normal and convex fuzzy subset of R .

Definition 2.4 A triangular fuzzy number A is a fuzzy number with piecewise linear membership function
and
respectively. 
Definition 2.7 A fuzzy preference relation R is a fuzzy subset of R R
R is transitive iff
( , ) (1/ 2) R A B   and ( , ) (1/ 2) ( , ) (1/ 2) R R B C A C      for
3.AN EXTENDED FUZZY PREFERENCE RELATION
Our extended fuzzy preference relation is defined as follows. 
Lemma 3.2 F is additive, ie.,
Proof:
Lemma 3.3 F is transitive, ie.,
Proof: By lemma 3.2, we have ( , ) ( , ) ( , ) 
Definition 3.2 Let  be a binary relation on fuzzy numbers defined by
In the case of ranking more than two fuzzy numbers, 
4.THE PROPOSED METHOD
Let~i j A be the performance of i-th airline under j-th criterion. To facilitate our method, we define the preference function of fuzzy number~i j A over another number~k j A as follows:~~(
Let J be the set of benefit criteria and 
Similarly, the weakness matrix )
The fuzzy weighted strength matrix~( )
and the fuzzy weighted weakness matrix~( )
Step 3: Calculate the weakness matrix by (18).
Step 4: Calculate the fuzzy weighted strength indices by (19).
Step 5: Calculate the fuzzy weighted weakness indices by (20).
Step 6: Derive the strength index i S from the fuzzy weighted strength and the weakness indices by~~~(
Step 7 
Step 8: Aggregate the strength and weakness indices into the overall performance indices by
Step 9: Rank airlines by the overall performance index i t for 1 i m   . Table 1 . Assume fuzzy weights of criteria are
5.NUMERICAL EXAMPLE
given by experts as shown in Table 1 . The competitiveness ranking of airlines is resolved as follows:
Step 1: The fuzzy performance of airlines and the fuzzy weights of criteria are shown in Table  1 .
Step 2: The strength matrix derived by (17) is shown in Table 2 .
Step 3: The weakness matrix derived by (18) is shown in Table 3 .
Step 4: The fuzzy weighted strength indices of airlines derived by (19) are shown in Table 4 .
Step 5: The fuzzy weighted weakness indices of airlines derived by (20 are shown in Table 5 .
Step 6: The strength indices of airlines derived by (24) are shown in Table 6 .
Step 7: The weakness indices of airlines derived by (25) are shown in Table 7 .
Step 8: The total performance indices aggregated by (26) are shown in Table 8 .
Step 9: The rank of airlines by overall performance indices are shown in Table 9 .
6.CONCLUSIONS
In this paper, we have presented a new FMCDM for airlines performance comparison. With
Proceedings of the Eastern Asia Society for Transportation Studies, Vol. 5, pp. 507 -519, 2005 our method, two matrices are constructed. Namely, they are the strength matrix and weakness matrix from which the strength and weakness indices are derived. With strength and weakness indices, airlines can identify their strength and weakness under the performance measures taken into consideration. Airlines can identify their competitive positions by the overall performance indices obtained by aggregating the strength and weakness indices. (5.7,7.7,9. 3) (5,7,9) (5.7,7.7,9) (8.33, 9.67,10) (3,5,7)
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